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Abstract. This paper presents reviews of several models and numerical simulation models of non-linear and hysteresis behaviors 
of magneto-rheological liquid dampers in MATLAB®/Simulink® in the example of quarter-car model of vehicle suspension 
simulation, such as, Bingham, Dahl, LuGre and Bouc-Wen models. In addition, it demonstrates numerical simulation models 
built in MATLAB®/Simulink® and discusses results from numerical simulation models for three different input excitations from 
terrain.  
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1. Introduction 
In general, most of the natural phenomena, operational machine processes and dynamic system behaviors are of non-linear nature 
that is very often linearized for the sake of simplicity in formulations and analyses. In fact, nonlinear behaviors or phenomena of 
processes may create difficulties in studies and engineering design processes but considering some of those non-linear 
characteristics of processes or behaviors of dynamic systems carefully could be also very beneficial and of great importance for 
efficient and accurate control, and used for operational efficiency and energy preservation or dissipation depending on their 
application areas. For example, nonlinear parameters and characteristics of some materials and interactions of different parts 
made of different materials have a great potential to apply for dampers and shock absorbers [1]. One of the good examples for 
such processes is a hysteresis loop observed in magnetic or magnetized materials and magneto-rheological (MR) liquids. In 
studies [2, 3, 4, 5], the MR liquids are found to be one of the most suitable and promising in designing vibration dampers and 
shock absorbers, and there are some combinatorial designs [6] of MR fluid dampers. In studies [7], feasibility of MR liquid 
damper modeling by employing Bouc-Wen model in association with an intelligent self-tuning PID controller for semi-active 
suspension modeling is studied numerically via computer modeling in MATLAB/Simulink. Nevertheless, identification of the 
hysteresis loop parameters is rather complex and may require considerable laboratory and numerical studies in order to apply 
them and get a best use of MR damper properties.  
In this paper, we put some emphases on different mathematical models and formulations of the MR liquids, and their hysteresis 
loop parameters and numerical simulation models designed for a semi-actively controlled feedback damper for a vehicle 
suspension systems developed in MATLAB/Simulink. In addition, we shall try to analyze and compare efficiency and accuracy 
of these models in the example of the quarter-car model to design a semi-active suspension system. 
2. Mathematical formulation of a quarter-car model 
To derive an equation of (vertical) motion of a vehicle while driving on uneven roads, we take quarter of a vehicle by assuming 
that terrain roughness is evenly distributed under all wheels of a vehicle and loading from the whole vehicle body is equally 
distributed across all of its axles. In addition, we consider that a tire has some damping effect. With these preconditions, we draw 
the next physical model (Figure 1) of the system for passively and semi-actively controlled systems of a quarter-car model.     
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random white noise, Heaviside step function and sine waves with 2.1 Hz and 20.8 Hz of oscillations, and also, a combinatorial 
excitation signal, a sum of sine waves and random (Gaussian white) noises, are taken. Road excitation signals are set to have 
maximum (absolute) magnitude of 0.075 m and oscillation frequencies of sine waves are taken by considering natural frequencies 
of the quarter car model.  
Table 1. Data for suspension system (quarter car model). 
Parameter name Parameter notation Parameter value 
Sprung Mass ݉௦ 2500	݇݃ 
Un-sprung mass ݉௨ 320	݇݃ 
Stiffness of suspension ݇௦ 80000	[ܰ/݉] 
Stiffness of un-spring mass (tire) ݇௨ 500000	[ܰ/݉] 
Damping coefficient of sprung mass ܿ௦ 320 [ܰ ∙ ݏ/݉] 
Damping coefficient of un-sprung mass ܿ௨ 15020 [ܰ ∙ ݏ/݉] 
 
Table 2. Data for Bingham model simulation. 
Parameter name Parameter notation Parameter value 
Damping coefficient in Bingham model ܿ଴ 320 [ܰ ∙ ݏ/݉] 
Offset force  ܨ଴ 10	ܰ 
Frictional force ܨ௖ 100	ܰ 
   
Table 3. Data for Dahl model simulation. 
Parameter name Parameter notation Parameter value 
Control voltage ݒ 5 [ܸ] 
Hysteresis parameters ݇, ݇௪௔, ݇௪௕, ߩ 350, 800, 250, 25 
 
Table 4. Data for the LuGre model simulation. 
Parameter name Parameter notation Parameter value 
Coulomb friction force ܨ௖ 10	[ܰ] 
Sticktion force ܨ௦ 25	[ܰ] 
Stribeck velocity ݒ௦ 0.04 [݉/ݏ] 
Stiffness coefficient ߪ଴ 500 [ܰ/݉] 
Damping coefficient ߪଵ 10ସ [ܰ ∙ ݏ/݉] 
Viscous friction coefficient ߪଶ 0.6 [ܰ ∙ ݏ/݉] 
 
Table 5. Data for Bouc-Wen model simulation. 
Parameter name Parameter notation Parameter value 
Parameters of the Hysteresis shape  ߛ, ߚ,  ܣ, n 1, 0, 1.5, 2 
Stiffness of the spring element ܭ଴ 300 [ܰ/݉] 
Input voltage ݑ ݒ 5 [ܸ] 
 Other parameters ܥ଴௔, ܥ଴௕, ߙ଴௔, ߙ଴௕ 4400, 442, 10872, 49616 
Pre-yield stress ଴݂ 0 [ܰ] 
 
From the numerical simulations of hysteresis loop models with Bingham, Dahl, LuGre and Bouc-Wen models for the semi-active 
suspension system it is clear that all of the semi-active system models outperform passively controlled system model for four 
different excitation signals from road. Figure 10 and 11 demonstrate system responses (displacement of the car body) of the 
passively and semi-actively controlled models from random (Gaussian white) noise with the magnitude of 0.075 m (in the range 
of -0.0375 m … +0.0375 m) and from the simulation results it is clearly seen that all hysteresis models outperform passively 
damped system model in damping undersigned excitations from the terrain. Out of these four semi-active models, Bingham and 
Bouc-Wen models demonstrate much higher damping than the other two models, viz. Dahl and LuGre models.  
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